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Abstract 


A  modification  of  Simon’s  method  is  described  for 
determining  the  complex  index  of  refraction  from  reflection 
measurements.  Polarization  studies  involving  a  model  scaled 
from  the  infrared  to  the  millimeter  wave  are  reported  wherein 
the  diffraction  resulting  from  various  strips  is  obtained 
experimentally  and  theoretically.  The  eigenvalues  for  a 
subdivision  of  24  in  wave  vector  space  are  also  given  for  NaCl. 


The  Far  Infrared  Spectrometer 


Considerable  thought  has  been  given  to  the  problems  involved 
in  making  accurate  determinations  of  the  complex  index  of  refrac¬ 
tion  of  crystals  in  the  wavelength  regions  of  interest  to  vis.  In 
the  usual  method,  which  necessitates  measurement  of  both  the  re¬ 
flection  and  the  transmission  coefficients,  two  samples  are 
required,  a  thick  crystal  for  the  reflection  measurements  and  a 
thin  crystal  for  the  transmission  measurements.  However,  in 
regions  of  strong  absorption,  it  becomes  necessary  to  make  the 
crystal  exceedingly  thin  in  order  to  permit  any  transmission  at 
all.  Most  previous  workers  have  resorted  to  evaporating  films 
on  substrates  and  then  making  their  transmission  measurements  on 
the  composite.  This,  of  course,  introduces  problems  in  con¬ 
nection  with  the  infrared  properties  of  the  substrate.  Also, 
and  perhaps  more  serious,  is  the  question  as  to  how  the  pro¬ 
perties  of  the  crystal  in  the  form  of  evaporated  film  relate 
to  those  for  the  crystal  in  bulk  and,  therefore,  whether  the 
measurements  have  meaning  at  all. 

In  order  to  avoid  these  difficulties  and  the  concomitaLL 

uncertainly  in  interpretation,  it  has  been  decided  to  employ  a 

1 

modification  of  a  method  described  by  Simon  ,  which  permits  de¬ 
termination  of  the  complex  index  of  refraction  of  the  crystal  from 
reflection  measurements  alone  on  a  single  thick  crystal.  Simon's 
method  involves  measurement  of  the  reflection  coefficient  for 
two  different  angles  of  incidence.  From  these  two  reflection 
measurements  Simon  was  able  to  determine  both  the  refractive 
index  and  extinction  coefficient  of  the  crystal,  thereby  obviating 


the  need  for  any  transmission  measurement. 

We  have  devised  a  modification  of  Simon's  procedure  which 
eliminates  the  need  for  any  extensive  reconstruction  of  the  exit 
system  of  our  spectrometer  as  would  be  required  if  we  had  to  allow 
for  rotation  of  the  detector  and  associated  exit  optics  in  con¬ 
nection  with  the  variation  of  the  angular  orientation  of  the  crystal. 
Instead,  we  will  use  a  crystal  mounting  in  the  form  of  a  90°  corner 
reflector,  which  has  the  property  of  returning  radiation  incident  at 
any  angle  in  a  given  plane  in  the  same  direction  from  whence  it  came, 
but  displaced  laterally.  By  placing  the  crystal  alternately  in  the 
two  arms  of  the  corner  reflector  with  a  plane  mirror  in  the  other  arm 
each  time,  we  will  be  able  to  obtain  measurements  at  any  two  complemen¬ 
tary  angles  without  the  need  for  rotating  arypart  of  our  system.  The 
measurement  procedure  to  be  followed  will  consist  of  point-by-point 
measurements  over  the  wavelength  range  of  a  given  grating,  at  each  such 
point  the  signal  level  to  be  measured  for  the  crystal  alternately  in 
the  two  arms  of  the  corner  reflector  and,  finally,  a  signal  level 
measurement  with  plane  mirrors  in  both  arms  of  the  corner  reflector, 
this  information  sufficing  to  determine  the  reflection  coefficint  for 
each  of  the  desired  complementary  angles  of  incidence,  say,  for  example, 
20°  and  70° •  From  these  two  values  of  the  reflection  coefficient  the 
complex  index  of  refraction  can  then  be  determined  for  that  particular 
wavelength,  following  Simon.  The  corner  reflector  mounting  is  now 
being  built  and  will  be  installed  in  the  system  shortly.  The  crystal 
measurements  will  begin  immediately  thereafter. 

Simon's  method  requires,  in  addition,  a  knowledge  of  the 


apparatus  polarization,  that  is,  the  polarization  introduced 

into  an  initially  unpolarized  beam  due  to  its  passage  through 

the  system.  From  the  previous  work  with  echelette  gratings  in 

2,3 

this  laboratory  ,  we  know  that  our  gratings  will  act  as 
polarizing  agents.  These  earlier  experiments  did  not,  however. 
Include  a  study  of  the  variation  of  the  polarizing  factor  as 
function  of  angle  of  incidence  or  as  a  function  of  the  number 
of  grating  rulings  illuminated.  In  order  to  obtain  this 
necessary  information,  it  was  decided  to  reactivate  the  milli^ 
meter  wave  spectrometer  temporarily,  and  to  perform  these 
experiments.  The  apparatus  used  previously  was  modified  and 
partially-rebuilt  so  as  to  give  us  greater  accuracy  and 
flexibility  for  the  purposes  of  the  present  experiment.  We 
had  found  in  our  previous  work  that  attempting  to  mask  rulings 
of  a  grating  so  as  to  delineate  a  given  number  of  rulings  led 
to  error,  since  the  masking  is  difficult  to  accomplish  effectively. 
Consequently,  a  different  procedure  is  being  followed  in  the 
present  work.  We  employ  a  frame  upon  which  metal  strips  can 
be  placed,  and  by  making  measurements  with  one  strip,  two 
strips,  three  Btrips,  etc.,  in  turn  we  can  study  the  variation 
of  the  polarizing  factor  with  the  number  of  strips  illuminated 
without  introducing  error  due  to  undesired  reflection  from 
inadequately-masked  strips.  The  apparatus  provides,  of  course 
for  variation  of  angle  of  incidence  also.  These  measurements 
sure  now  in  progress.  Though  subsidiary  to  our  main  task,,  it 


k  - 


would,  seem  that  these  experiments  may  be  of  interest  to  other 
people  in  the  field,  and  we  shall  therefore  include  the  results 
of  this  work  in  this  and  in  the  next  report. 

Methods  of  Theoretical  Physics 

For  the  case  of  the  single  strip  "grating"  work  was  done 
here  which  indicates  that  the  diffraction  of  the  strip  is  a 
function  of  the  direction  of  polarization  of  the  incident 
radiation  on  the  diffracting  element.  Theoretically  the  case 
of  the  single  strip  is  examined  by  torse  and  Feshbach  who 
present  the  exact  solutions  for  radiation  incident  on  a  plane 
infinite  thin  strip.  These  solutions  are  quite  different  for 
the  situation  where  the  incident  radiation  is  polarized 
perpendicular  to  the  strip  as  compared  to  the  case  where 
the  polarization  is  parallel  to  the  strip. 

With  the  aid  of  a  704  Computer,  we  have  been  able  to 
construct  graphs  of  these  exact  solutions  for  a  strip  whose 
width  is  representative  of  the  grating  constants  of  the 
gratings  used  in  our  infrared  spectrometer  and  for  an  angle 
of  incidence  which  1b  Intermediate  in  value  to  those  used  in 
our  infrared  experiments. 

Very  good  experimental  verification  was  obtained  for  the 
situation  where  the  incident  radiation  is  polarized  in  a 
direction  which  is  parallel  to  the  long  side  of  the  strip. 

The  other  situation,  radiation  polarized  perpendicular  to  the 
strip  does  not  agree  quite  so  closely  with  the  theoretical 
curve.  This  is  the  polarization,  however,  which  yields  large 


anomalies  when  considered  with  classical  diffraction  theory. 

The  former  results,  however,  are  extremely  good  and  definitely 
indicate  that  our  apparatus  is  functioning  properly.  Theoretical 
and  experimental  curves  are  shown  in  figures  1  and  2  (pp.  32  and 

33). 

Data  has  also  been  taken  for  both  polarizations  for  gratings 
of  from  two  to  five  strips  and  is  now  in  the  process  of  being  graphed 
and  analyzed.  The  experimental  results  for  these  built  up  gratings 
are  of  utmost  significance  since  they  are  extremely  difficult  if  not 
impossible  to  obtain  in  an  exact  form  theoretically.  The  theoretical 
superposition  of  the  patterns  of  individual  strips  without  taking  into 
account  the  interaction  of  the  surfaces  usually  not  considered  in  such 
a  simple  superposition  cannot  give  exact  results.  The  analysis  of 
the  experimental  superposition  of  the  diffraction  patterns  of  a  number 
of  strips  will  therefore  yield  valuable  information  in  helping  us  to 
determine  the  polarizing  properties  of  an  echelette  grating  and  will  in 
turn  permit  more  accurate  determinations  of  the  complex  indices  of 
refraction  of  crystals  using  a  spectrometer  which  has  such  a  grating 
as  its  diffracting  element. 

The  Characteristic  Lattice  Frequencies  of  NaCl 

As  described  in  the  previous  report  (Scientific  Report  #15), 
we  have  set  up  a  program  for  calculating  the  Coulomb  terms  and  the 
consequent  eigenfrequencles  and  eigenvectors  for  a  Kellerman  model 
NaCl  lattice.  The  allowed  region  in  wave-vector  space  was  subdivided 
into  24  parts  for  each  co-ordinate  axis. 


This  gives  rise  to  82,944  frequencies.  Due  to  the  symmetry  of  the 
facecentered  cubic  structure  calculations  are  needed  for  only  423 
choices  of  the  wave  vector  ~a  (q^  o  >  9Z)  =  V  Pz^ 

O  “  O  ' 

with  p  ,  p  ,  p  positive  integers  such  that  p  +  p  +  p  ,4  36  and 
x  y  z  x  y  z 

24  £  p  ->p  V.P  ^0.  The  table  below  gives  the  six  circular  frequencies 
x  y  ^  z 

a)  *  2«-f  scaled  by  10**^  for  each  of  the  423 vectors  denoted  by  the 

value  of  p  ,  p  ,  p  to  the  left.  This  choice  of  wave-vector  density 
x  y  z 

compares  to  a  subdivision  of  a  into  10  parts  by  Kellerraan  giving  48 
vectors  and  to  the  previous  work  here  where  a  was  divided  into  12  parts 
giving  74  vectors.  The  computation  time  was  considerably  reduced  with 
the  use  of  an  IBM  704  rather  than  UNIVAC  which  had  been  used  before. 

For  a  few  cases  the  matrix  elements  were  slightly  altered  in  order  to 
avoid  degeneracy  of  the  eigenvalues  for  which  the  program  could  not 
properly  obtain  the  eigenvectors.  The  effect  on  the  eigenvalues  due 
to  these  changes  is  very  small.  The  eigenvectors  which  were  also 
obtained  are  not  included  because  they  are  not  of  immediate  interest 
and  also  there  are  too  many  of  them  (some  15,000  numbers).  Frequency 
distribution  functions  and  specific  heat  calculations  based  on  the 
frequencies  given  in  the  table  below  will  follow  in  subsequent  reports. 
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